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(54) Brake control device 

(57) A brake control device has a master cylinder 
(1), wheel cylinder (15), and a solenoid valve (21) dis- 
posed in a conduit (lla) between the master cylinder and 
the wheel cylinder. When a brake pedal (5) happens to 
be returned at sudden braking, at an idle stop or at ve- 



hicle stop on a sloping road, the solenoid valve is con- 
trolled at a duty rate based on a difference between a 
peak value of master cylinder and an actual value of 
master cylinder gradually reducing so that wheel cylin- 
der pressure is held to a value higher than master cyl- 
inder pressure (140 to 165). 



FIG. 1 
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Description 

[0001 ] The present invention relates to a brake control 
device in which brake control can be automatically ex- 
ecuted according to a demand based on vehicle behav- 5 
ior in addition to a demand based on a driver's brake 
pedal operation. 

[0002] Conventionally, a braking control for stabilizing 
vehicle behavior such as anti-skid control is well known. 
In the anti-skid control, when a brake pedal is depressed 10 
for braking, each vehicle wheel speed is controlled by 
adjusting braking hydraulic pressure of each wheel cyl- 
inder so that a slip ratio of each wheel may fall within a 
given range in order to obtain optimum braking force in 
each wheel. 15 
[0003] To execute the anti-skid control, as shown in 
Fig. 15, a hydraulic circuit of a bake control device is 
provided with electromagnetic valves such as a pres- 
sure reduce control valve P1 and a pressure increase 
control valve P2 for reducing hydraulic pressure of the 20 
wheel cylinder or for holding hydraulic pressure of the 
wheel cylinder. 

[0004] The pressure increase control valve P2 is a 
normally open valve (N/O valve) in which a fluid conduit 
is normally opened by a spring biasing force and the fluid 25 
conduit is closed when a solenoid is energized. The 
pressure reduce control valve P1 is a normally closed 
valve (N/C valve) in which a fluid conduit is normally 
closed by a spring biasing force and the fluid conduit is 
opened when a solenoid is energized. The pressure in- 30 
crease control valve P2 is operative to close a fluid con- 
duit from a master cylinder P3 to a wheel cylinder P4 for 
holding the wheel cylinder hydraulic pressure when the 
pressure reducing valve P1 is closed and for reducing 
the wheel cylinder hydraulic pressure when the pres- 35 
sure reducing valve P1 is opened. 
[0005] The hydraulic circuit is also provided with a 
check valve P5 (return valve) in parallel to the pressure 
increase control valveP2 (other check valves are omit- 
ted in the drawing). When wheel cylinder pressure is 40 
higher than mastercylinder pressure, brake fluid returns 
from a master cylinder side to a wheel cylinder side. In 
a case that the vehicle is running on a high ji road such 
as asphalt road and a driver depresses suddenly and 
rapidly a brake pedal , the driver, who is a woman or 45 
eider person, is likely to return the brake pedal to reduce 
master cylinder pressure due to a reaction force of the 
brake pedal after the master cylinder establishes maxi- 
mum pressure. When a brake pedal P6 is returned to 
reduce master cylinder pressure, the check valve P5 so 
serves to return the brake fluid back from a side of the 
wheel cylinder P4 to a side of the master cylinder P3 so 
that wheel cylinder pressure may be reduced to lower 
the braking force, resulting in a longer braking distance. 
[0006] In a special case where it is demanded that 55 
wheel cylinder pressure (braking force) is held even if 
the driver's brake pedal depressing force is released 
due to a reaction force of the brake pedal or other rea- 



sons, the conventional hydraulic circuit having the re- 
turned valve mentioned above cannot work adequately. 
[0007] Keeping a step with a recent tendency of de- 
veloping a compact car having a light weight structure, 
it is demanded that the hydraulic circuit of the brake con- 
trol device is more compact with a less number of brake 
components and parts but operative with better braking 
force holding function. 

[0008] An object of the present invention is to provide 
a brake control device having a compact structure with 
a less number of brake components and parts for exe- 
cuting braking force holding control. 
[0009] To achieve the object, the brake control device 
has brake pressure producing means (for example, 
master cylinder) for producing hydraulic pressure (for 
example, mastercylinder pressure) according to a brak- 
ing operation of a vehicle driver, wheel braking force 
generating means (for example, wheel cylinder) for gen- 
erating braking force to a wheel, a fluid conduit connect- 
ing the brake pressure producing means and thewheel 
braking force generatingmeans for allowing brake fluid 
flow between the brake pressure producing means and 
the wheel braking force generating means, a solenoid 
valve (for example, pressure increase control valve) dis- 
posed in the fluid conduit so that the fluid conduit may 
be provided on a side of the brake pressure producing 
means with a first hydraulic pressure and on a side of 
the braking force generating means with a second hy- 
draulic pressure, an electric control unit, and sensor 
means including a pressure sensor for generating sen- 
sor signals representing vehicle states including a value 
of the first hydraulic pressure, ail of which are input to 
the electric control unit. 

1001 0] The electric control unit has memory means for 
receiving the sensor signal of the pressure sensor and 
memorizing a peak value of the first hydraulic pressure, 
determining means for determining from the sensor sig- 
nals a necessity of a braking force holding control for 
holding the second hydraulic pressure higher than the 
first hydraulic pressure when the brake pedal happens 
to be returned and generating a demand signal for ex- 
ecuting the braking force holding control, calculating 
means for calculating a control amount based on a dif- 
ference between the peak value of the first hydraulic 
pressure and an actual value of the first hydraulic pres- 
sure to be lowered when the brake pedal is returned, 
and driving means for driving the solenoid valve so as 
to restrict brake fluid flow from the braking force gener- 
ating means to the brake pressure producing means in 
response to the control amount, when the demand sig- 
nal is generated, wherein, while an increasing speed of 
the second hydraulic pressure is substantially equal to 
that of the first hydraulic pressure when the brake pedal 
is depressed, a reducing speed of the second hydraulic 
pressure is lower that that of the first hydraulic pressure 
during a given time when the brake pedal happens to 
be returned. 

[0011] In the brake control device mentioned above, 
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it is preferable to have an anti-skid control circuit provid- 
ed with a hydraulic pump connected with the fluid con- 
duit for the first hydraulic pressure and a pressure re- 
duce control valve connected with the fluid conduit for 
the second hydraulic pressure in addition to the pres- 5 
sure increase control valve. 

[0012] The braking force holding control is executed 
when the determining means generates the demand 
signal by determining based on the sensor signals that 
the driver depresses rapidly the brake pedal for sudden io 
braking, for example, by determining that a change per 
time of the brake pedal movement exceeds a predeter- 
mined value. 

[0013] Further, it is preferable that the braking force 
holding control is executed when the determining *5 
means generates the demand signal by determining 
that the vehicle stops on a sloping road due to the driv- 
er's brake pedal operation or that an engine of the ve- 
hicle stops as an idle slop due to the driver's brake pedal 

20 

operation. 

[0014] The sensor signals to be used for determining 
that the vehicle stops on the sloping road are, for exam- 
ple, signals from a sloping sensor for detecting an incli- 
nation angle of the vehicle stopping on the sloping road 
(the angle is more than a predetermined value), from a 25 
brake switch (ON) for detecting the driver's brake pedal 
depression and from a speed sensor for detecting at 
least one of a vehicle speed and a wheel speed (zero 
speed). 

[0015] Further, the sensor signals to be used for de- 30 
termining that the engine of the vehicle stops as an idle 
stop are, for example, signals from a sensor for detect- 
ing an engine stop (signal of fuel cut or signal of ignition 
stop), from a brake switch (ON) for detecting the driver's 
brake pedal depression and from a speed sensor for de- 35 
tecting at least one of a vehicle speed and a wheel 
speed (zero speed). 

[0016] Furthermore, the solenoid valve is, preferably, 
a two-position valve driven by the driving means so that 
current voltage applied thereto is controlled at a duty 40 
ratio in proportion to the control amount or a linear so- 
lenoid valve driven by the driving means so that a cur- 
rent amount applied thereto is controlled according to 
the control amount. 

[0017] Other features and advantages of the present 45 
invention will be appreciated, as well as methods of op- 
eration and the function of the related parts, from a study 
of the following detailed description, the appended 
claims, and the drawings, all of which form a part of this 
application. In the drawings: 
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Fig. 1 is a view showing an outline of a brake control 
device according to a first embodiment of the 
present invention; 

Fig. 2 is a block diagram showing an electric control 55 
unit of the brake control device shown in Fig. 1 ; 
Fig. 3 is a chart showing hydraulic pressure change 
at sudden braking; 



Fig. 4A is a chart showing a linear relationship be- 
tween pressure on a master cylinder side (IN) and 
pressure on a wheel cylinder side (OUT); 
Fig. 4B is a chart showing a relationship with hys- 
teresis between pressure on a master cylinder side 
(IN) and pressure on a wheel cylinder side (OUT); 
Fig. 5 is a flow chart showing control processes ac- 
cording to the first embodiment; 
Fig. 6 is a flow chart showing control processes ac- 
cording to a second embodiment of the present in- 
vention; 

Fig. 7 is a chart showing hydraulic change at a ve- 
hicle stop on a sloping load; 
Fig. 8 is a flow chart showing control processes ac- 
cording to a third embodiment of the present inven- 
tion; 

Fig. 9 is a chart showing hydraulic change at an idle 
stop; 

Fig. 1 0 is a view showing an outline of a brake con- 
trol device according to a fourth embodiment of the 
present invention; 

Fig. 11 is a flow chart showing control processes 
according to the fourth embodiment; 
Fig. 12 is a chart showing a relationship between a 
target pressure difference AP and a difference pres- 
sure by which wheel cylinder pressure is higher 
than actual master cylinder pressure Pm/c; 
Fig. 13 is a chart showing a relationship between 
the target pressure difference AP and a duty ratio 
of pressure increase control valve; 
Fig. 14 is a chart showing a relationship between a 
target pressure difference AP1 or AP2 and a duty 
ratio of pressure increase control valve; and 
Fig. 15 is a view showing an outline of a conven- 
tional brake control device as a prior art. 

(First embodiment) 

[0018] A brake control device according to a first em- 
bodiment of the present invention includes a hydraulic 
circuit for executing braking force holding control and 
braking force termination control in addition to a known 
anti-skid control and a brake assist control. Fig. 1 shows 
an outline structure of the brake control device accord- 
ing to the first embodiment. In the brake control device, 
as shown in Fig. 1 , a brake pedal 5 is connected via a 
brake booster 3 to a tandem type master cylinder 1 and 
a master reservoir 7 is also connected with the master 
cylinder 1 . 

[0019] A hydraulic circuit 9 constituting a two line di- 
agonal piping system for adjusting brake pressure is 
connected with the master cylinder 1 . The hydraulic cir- 
cuit 9 has a first hydraulic conduit 1 1 a and a second hy- 
draulic conduit 11b. 

[0020] The master cylinder 1 isconnected, via the first 
hydraulic conduit 11a to a wheel cylinder 15 of a front 
right wheel (FR) and a wheel cylinder 16 of a rear left 
wheel (RL) and, via the second hydraulic conduit 11b, 
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to a wheel cylinder 17 of a rear right wheel (RR) and a 
wheel cylinder 1 8 of a front left wheel (FL). 
[0021 ] The first hydraulic conduit 1 1 a is provided with 
a pressure increase control valve 21 and a pressure re- 
duce control valve 26 for controlling hydraulic pressure 
in the FR wheel cylinder 15 and a pressure increase 
control valve 22 and a pressure reduce control valve 27 
for controlling hydraulic pressure in the RL wheel cylin- 
der 16. The second hydraulic conduit 11b is provided 
with a pressure increase control valve 23 and a pressure 
reduce control valve 28 for controlling hydraulic pres- 
sure in the RR wheel cylinder 17 and a pressure in- 
crease control valve 24 and a pressure reduce control 
valve 29 for controlling hydraulic pressure in the FL 
wheel cylinder 18. 

[0022] Each of the pressure increase control valves 
21 to 24 is a normally open electromagnetic valve (hold- 
ing valve) having two positions for opening and closing. 
Since the pressure reduce control valve is a normally 
close valve, each of the pressure increase control 
valves 21 to 24 is operative to open the hydraulic conduit 
due to a spring biasing force and to close the hydraulic 
conduit so as to hold wheel cylinder pressure due to a 
magnetic force when a solenoid is energized. 
[0023] The first hydraulic conduit 11a is further pro- 
vided with a reservoir 31 for storing temporally brake flu- 
id ejected from the respective pressure reduce control 
valves 26 and 27 and a hydraulic pump 36 for delivering 
with pressure brake fluid to a conduit 33. The conduit 
33 is provided with an accumulator 41 for easing an in- 
herent hydraulic pressure pulsation of brake fluid to be 
delivered from the pump 36. 

[0024] With respect to the second hydraulic conduit 
1 1 b, the pressure increase control valves 23 and 24, the 
pressure reduce control valves 28 and 29, a reservoir 
32, a hydraulic pump 37 and an accumulator 42 are ar- 
ranged at positions similar to those of the first hydraulic 
conduit 11a. The hydraulic pumps 36 and 37 are con- 
nected to and driven by an electric pump motor 45. 
[0025] According to the first embodiment, there are no 
check valves (return valves) to be positioned in parallel 
to the pressure increase control valves 21 to 24, as 
shown in the conventional brake control device. There- 
fore, as described later in detail, according to a returning 
operation of the brake pedal 5, wheel cylinder pressure 
are released by adjusting opening and closing states of 
the respective pressure increase control valves 21 to 24 
not by bypassing brake fluid of the wheel cylinders 
through the respective return valves. 
[0026] A pressure sensor 47 for detecting master cyl- 
inder pressure is installed in a conduit 34 extending from 
the master cylinder 1 to the pressure increase control 
valves 23 and 24 in the second hydraulic conduit 11b. 
The pressure sensor 47 may be installed in the first hy- 
draulic conduit 11a instead of installing in the second 
hydraulic conduit 11b, since the master cylinder pres- 
sure is identical in each of the first and second hydraulic 
conduits 11a and 11b. 



[0027] ECU 50, as shown in Fig. 2, is provided for con- 
trolling the brake control device having the hydraulic cir- 
cuit 9. The ECU 50 is composed of a microcomputer 
having well known CPU 50a, ROM 50b, RAM 50c, input- 
s output portions 50d and bath lines 50 e. Signals from a 
vehicle speed sensor 51 for detecting vehicle speed, 
wheel speed sensors for detecting the respective rotat- 
ing speeds of wheels, a brake switch 54 for detecting 
depression of the brake pedal 5 and a pressure sensor 
10 47 for detecting the master cylinder pressure, are input 
to the ECU 50. 

[0028] Control signals for driving the electromagnetic 
valves of the pressure increase and reduce control 
valves 21 to 24 and 26 to 29 and other actuators such 
is as a control actuator of the pump motor 45 are output 
from the ECU 50. 

[0029] Next, an outline of control processes according 

to the first embodiment is described. 

[0030] At an initial stage of a sudden braking due to 

20 a driver's strong and rapid depression of the brake pedal 
5, master cylinder pressure (Pm/c) is rapidly increased 
so that wheel cylinder pressure (Pw/c) is sharply in- 
creased, as shown in a solid line t 0 to t 1 in Fig. 3. Nor- 
mally, afterthe master cylinder pressure reaches a peak 

25 value, the master cylinder pressure is gradually reduced 
as shown in a dotted line t 1 to t 2 so that braking force 
may be reduced because a driver foot is too exhausted 
to continue the strong depression of the brake pedal or 
leaves the brake pedal by accident due to a strong re- 

30 action of the brake pedal and a brake pedal depressing 
force is reduced. 

[0031] Therefore, according to the first embodiment, 
after the brake pedal depressing force attains the peak 
value, that is, after the master cylinder pressure once 
35 reaches a Pm/c peak, the pressure increase control 
valves 21 to 24 are driven so as to secure a larger hys- 
teresis of hydraulic pressure at a pressure reducing 
time. As a result, higher pressure in the wheel cylinder 
is continuously held for a certain time so that higher 
40 braking force may be maintained. 

[0032] Conventionally, pressure between a master 
cylinder side (IN side) and a wheel cylinder side (OUT 
side) of each of the pressure increase control valves 21 
to 24 are linearly changed both at the pressure increas- 
45 ing and reducing times, as shown in Fig. 4A. However, 
according to the first embodiment, as shown in Fig. 4B^ 
the pressure changing relationship between the master 
cylinder and the wheel cylinder is not linear at the pres- 
sure reducing time and pressure reduction at the OUT 
so side is delayed from pressure reduction at the IN side 
with a hysteresis, though the pressure changing rela- 
tionship is linear at the pressure increasing time. 
[0033] That is, after the master cylinder pressure at- 
tains the peak value due to the sudden braking and, 
55 then, starts pressure reduction, each of the pressure in- 
crease control valves is driven to gradually open the 
conduit between the wheel cylinder and the master cyl- 
inder without making the hydraulic conduit fully open 
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from a scratch, for example, by duty control of current 
voltage applied to each of the pressure increase control 
valves 21 to 24. 

[0034] Therefore, even if the brake pedal depressing 
force is lowered after the strong and rapid depression 
operation of the driver at the initial stage of the sudden 
braking, higher pressure in the wheel cylinder is contin- 
uously held for a certain time so that higher braking force 
may be maintained. 

[0035] Next, steps of control processes of the first em- 
bodiment are described with reference to flow charts 
[0036] A flow chart of Fig. 5 shows steps of braking 
force holding control after the peak of the master cylin- 
der pressure at sudden braking. 
[0037] At the sudden braking, the driver's brake pedal 
depressing speed is rapid so that wheel cylinder pres- 
sure may be rapidly increased at an early stage of the 
sudden braking (braking force initial control). Further, af- 
ter the braking force initial conlrol is executed and. then, 
the master cylinder pressure attains the peak value 
wheel cylinder pressure is controlled to hold a higher 
braking force for a certain time (braking force holding 
control), as shown later in detail. For the purpose of the 
present application, the braking force initial control and 
the braking force holding control is called as brake assist 
control. 

[0038] At Step 1 00 of Fig. 5, master cylinder pressure 
(Pm/c) is detected based on a signal of the pressure 
sensor 47 and recorded or memorized in RAM 50c At 
Step 1 1 0, a change rate of the master cylinder pressure 
(d Pm/c) is calculated to judge the sudden braking. 
[0039] At Step 120. whether the brake assist control 
(braking force holding control) is executed is deter- 
mined. If the answer is affirmative, the process goes to 
Step 130 and. if the answer is negative, the process 
goes to Step 180. 

[0040] At the Step 180. whether the change rate of 
the master cylinder pressure (d Pm/c) exceeds a refer- 
ence value (KdP) for judging the sudden braking is de- 
termined. If the answer is affirmative, the process goes 
to Step 190 as it is presumed that the sudden braking 
(an initial stage of brake pedal depressing for the sud- 
den braking) is operated. If the answer is negative, the 
process returns back to the Step 100 in a presumption 
that the sudden braking is not operated. 
[0041] At the Step 190, brake assist control (braking 
force initial conlrol) starts, if necessary and demanded, 
by detecting a fact of the early stage of sudden braking. 
Then, the process returns to the Step 100. The braking 
force initial control is executed at the early stage of sud- 
den braking in such a manner that high master cylinder 
pressure is applied via the pressure increase control 
valves 21 to 24 to the respective wheel cylinders 15 to 
18 to rapidly increase the braking force. 
[0042] At the Step 1 30 next to the Step 1 20 at which 
it is determined that the brake assist control (braking 
force holding control) is under way, whether the master 
cylinder pressure (Pm/c) is below a reference value (KP) 



for judging a termination of the brake assist control is 
determined. If determined affirmatively, the process 
goes to Step 1 70 in a presumption that the brake assist 
control (including the braking force initial control and the 
5 braking force holding control) has terminated. If the an- 
swer is negative, the process goes to Step 140 in a pre- 
sumption that the brake assist control continues. 
[0043] At the Step 170, a control for terminating the 
brake assist control is executed and, then, the process 
io returns back to the Step 100. At the Step 170, current 
supply to solenoids of the pressure increase control 
valves 21 to 24 are shut off so as to fully open the brake 
fluid conduit. As a result, wheel cylinder pressure is rap- 
idly lowered to coincide to the master cylinder pressure. 
*5 in this case, there occurs no hysteresis between chang- 
es of the master and wheel cylinder pressure. 
[0044] At the Step 140, the peak value (Pm/c peak) 
of master cylinder pressure is calculated as the brake 
assist conlrol continues. That is, the peak value of mas- 
?o ici cylinder pressureiscalculatedbasedonadetectedval- 
ucofthepressure sensor 47 to find out a point (Pm/c 
peak in Fig. 3) where master cylinder pressure is 
cnanged from an increasing state to a reducing state. 
[0045] Though master cylinder pressure is rapidly in- 
?* croasod at the early stage of sudden braking, as shown 
m Fig 3. the master cylinder pressure may be reduced 
after a lapse of a certain time during which the driver 
strongly depresses the brake pedal when the driver's 
brake pedal depressing force is released due to a reac- 
30 uon force of the brake pedal. Accordingly, a peak point 
of tr-c master cylinder pressure where the increasing 
state is changed to the reducing state is detected. 
[0046] Once the peak point of the master cylinder is 
calculated and memorized, the calculation process at 
35 the Step 140 is not always necessary and may be omit- 
ted since the memorized value showing the peak point 
may be utilized for the subsequent calculation of a target 
pressure difference (this process is also applied to the 
other embodiments to be described later) . 
40 [0047] At Step 1 50, the target pressure difference AP 
is calculated for braking force holding control in which 
higher wheel cylinder pressure (higher braking force)is 
held even after master cylinder pressure shows the 
peak and is reduced. The target pressure difference AP 
is a difference between the peak value (Pm/c peak) and 
actual master cylinder pressure(pm/c shown in a dotted 
line of Fig 3) reducing. 

[0048] Step 160 is for calculating a duty ratio of cur- 
rent voltage that is applied to the respective solenoids 

so of the pressure increase control valve 21 to 24 for main- 
taming wheel cylinder pressure higher by a predeter- 
mined value to be decided based on the target pressure 
difforonce AP than actual master cylinder pressure. The 
prcootermined value to be decided based on the target 

55 pressure difference AP is, for example, as shown in Fig. 
1? in which a relationship between the target pressure 
difference AP and the difference pressure by which 
wheel cylinder pressure is higher than actual master cyl- 
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inder pressure Pm/c is shown. 

[0049] A relationship between the target pressure dif- 
ference AP and the duty ratio, for example, as shown in 
Fig. 13, is memorized in advance in ROM 50b as a map 
or a calculation formula. Accordingly, the duty ratio cor- 
responding to the target pressure difference AP calcu- 
lated may be obtained with reference to, for example, 
the map. 

[0050] At Step 165, braking force holding control is 
executed by applying current voltage to the solenoids of 
the pressure increase control valves 21 to 24 so as to 
realize the duty ratio control mentioned above. Then : the 
process returns to the Step 100. 
[0051] As current voltage applied to the solenoids of 
the pressure increase control valves 21 to 24 is duty 
controlled, the pressure increase control valves 21 to 24 
are not fully opened at once and bring the hysteresis as 
shown in Fig. 4B. Accordingly, higher wheel cylinder 
pressure (higher braking force) can be maintained for a 
necessary period of time as shown in a solid line t 1 to t 2 
of Fig. 3. 

[0052] According to the first embodiment mentioned 
above, the brake assist control is executed at sudden 
braking. When a brake pedal depressing force reduction 
is detected by the peak value of master cylinder pres- 
sure and there is a difference between the value of ac- 
tual master cylinder pressure and the peak value of 
master cylinder pressure, which is deemed as a demand 
of holding braking force, a target value (the target pres- 
sure difference AP) for executing braking force holding 
control is calculated. 

[0053] In braking force holding control, current volt- 
age applied to the solenoids of the pressure increase 
control valves 21 to 24 is duty controlled based on the 
target pressure difference representing a difference be- 
tween the actual master cylinder pressure and the peak 
value of master cylinder pressure. Even if the brake ped- 
al depressing force is reduced after the peak of master 
cylinder pressure, higher wheel cylinder pressure can 
be maintained by the braking force holding control so 
that higher braking force may be maintained. As a result, 
safety on the sudden braking may be much more en- 
hanced. 

[0054] According to the first embodiment, as the nec- 
essary braking force at sudden braking is held by the 
duty control of the pressure increase control valves 21 
to 24, the return valves in parallel to the pressure in- 
crease control valves 21 to 24are not provided. There- 
fore, the hydraulic circuit of the brakecontrol device hav- 
ing less number of components and parts becomes 
more compact and may be provided at less cost, com- 
pared with that of the conventional brake control device. 
[0055] Though the Steps 100, 110, 120, 130, 170, 180 
and 1 90 are provided for braking force initial control and 
termination control at sudden braking, a gist of the first 
embodiment is not limited to the case of sudden braking. 
Accordingly, the first embodiment may be modified to 
execute the braking force holding control mentioned 



above whenever master cylinder pressure shows the 
peak value P m/c peak. In this case, the Steps 1 00, 1 1 0, 
120, 130, 170, 180 and 190 may be omitted. 

5 (Second embodiment) 

[0056] A brake control device according to a second 
embodiment is described hereinafter. Explanation of 
portions similar to those of the first embodiment is omit- 
io ted or simplified. 

[0057] The brake control device according to the sec- 
ond embodiment can execute braking force holding con- 
trol based on a demand of holding braking force when 
the vehicle is stopped on a sloping road and execute the 
is subsequent braking force termination control. 

[0058] As shown in a flow chart of Fig. 6, at Step 200, 
master cylinder pressure (pm/c), which is detected 
based on a signal from the pressure sensor 47, is input. 
[0059] AtSlep210, other signals representing various 
20 states and behaviors of vehicle, which are used for de- 
termining whether it is appropriate to execute braking 
force holding control on the sloping road, are input. For 
example, a signal showing an inclination angle from a 
slope sensor (not shown) for detecting a state of the 
25 sloping road, a signal from the brake switch 54 for de- 
tecting the driver's depression of the brake pedal 5, a 
signal from a vehicle speed sensor 51 (or the wheel 
speed sensor 53) for detecting vehicle speed (or wheel 
speed), and so on are all input. 
30 [0060] At Step 220, whether braking force holding 
control on the sloping road is executed is determined. If 
the answer is affirmative, the process goes to Step 240 
and, if negative, the process goes to Step 230. 
[0061] At the Step 230, whether conditions on execut- 
35 ing braking force holding control on the sloping road are 
satisfied is determined. For example, whether the slop- 
ing road has an inclination angle more than a given an- 
gle, whetherthe brake pedal 5 is depressed, and wheth- 
er the vehicle is in a stopping state (that is, the vehicle 
^0 or wheel speed is zero) are determined. If the answers 
are affirmative, the process goes to Step 240 and, if neg- 
ative, the process returns back to the Step 200.' 
[0062] At the Step 240, whether master cylinder pres- 
sure (Pm/c) is below a reference value (KP in Fig. 7) for 
45 terminating braking force holding control on the sloping 
road is determined. The process goes to Step 290, if the 
answer is affirmative, and to Step 250, if the answer is 
negative. 

[0063] At the Step 250, a peak value (Pm/c peak) of 
50 master cylinder pressure as shown in Fig. 7, which is 
similar to that of the first embodiment, is calculated and 
memorized. In this case, when brake pedal depressing 
force is eased after the vehicle is stopped, there exists 
the peak of master cylinder pressure. The peak value is 
55 used for this control. 

[0064] At Step 260, a target pressure difference AP1 
is calculated. To execute braking force holding control 
for holding higher wheel cylinder pressure (braking 
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force) even after the peak of master cylinder pressure 
when the vehicle is stopped on the sloping road, a dif- 
ference between the peak value (Pm/c peak) of master 
cylinder pressure and an actual value (Pm/c) of master 
cylinder pressure reducing is calculated as the target 
pressure difference AP1 . 

[0065] At Step 270, a duty ratio of current voltage that 
is applied to the respective solenoids of the pressure 
increase control valves 21 to 24 is calculated according 
to a map or a calculation formula based on the target 
pressure difference AP1 . 

[0066] At Step 280, braking force holding control is 
executed by applying current voltage to the solenoids of 
the pressure increase control valves 21 to 24 and, then, 
the process returns to the Step 200. 
[0067] As the negative answer at the Step 240 means 
a termination time of braking force holding control on the 
sloping road, control necessary for terminating the brak- 
ing force holding control is executed al Step 290. This 
termination control is not for fully opening the pressure 
increase control valves 21 to 24 as shown in the first 
embodiment, but for executing control similarto braking 
force holding control on the sloping road mentioned 
above. 

[0068] That is, as shown in a dotted line within a scope 
on a right side of t 2 of Fig. 7, master cylinder pressure 
is sharply lowered when the brake pedal 5 is returned. 
However, according to the termination control men- 
tioned above, wheel cylinder pressure is gradually re- 
duced with a given slope as shown in a solid line within 
a scope on a right side of t 2 of Fig. 7 to cope with a de- 
mand of further holding hydraulic pressure due to the 
driver's resetting the brake pedal depression the subse- 
quent accelerator pedal depression. 
[0069] For this purpose, at Step 300, a target pressure 
difference AP2 for braking force termination control is 
calculated. That is, to execute braking force termination 
control in which wheel cylinder pressure(braking force) 
is maintained with a given slope, a difference between 
the reference master cylinder pressure (KP) and an ac- 
tual master cylinder pressure sharply lowering is calcu- 
lated as the target pressure difference AP2. 
[0070] A chart comparing a relationship between a 
target pressure difference AP2 and a duty ratio of pres- 
sure increase control valve with a relationship between 
a target pressure difference AP1 and a duty ratio of pres- 
sure increase control valve is shown in Fig. 14. Accord- 
ing to this chart, the duty ratio corresponding to the tar- 
get pressure difference AP2 is set so as to make the 
pressure increase control valve more open so that pres- 
sure difference between wheel cylinder pressure (Pw/c) 
andmastcr cylinder pressure (Pm/c) is smaller, com- 
pared to the duty ratio corresponding to the target pres- 
sure difference AP1 . 

[0071] At Step 31 0, a duty ratio of current voltage that 
is applied to the respective solenoids of the pressure 
increase control valve 21 to 24 is calculated according 
to a map or a calculation formula based on the target 
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pressure difference AP2. 

[0072] At Step 320, current voltage, which can realize 
the duty ratio mentioned above, is applied to the sole- 
noids of the pressure increase control valves 21 to 24 

5 to execute braking force termination control and, then, 
the process returns to the step 200. 
[0073] According to the second embodiment, when 
the vehicle is stopped on the sloping road, higher wheel 
cylinder pressure may be held to maintain the stopping 

10 state of the vehicle. Therefore, even when the driver's 
brake pedal depressing force is lowered, the stopping 
state of the vehicle on the sloping road can be surely 
maintained. 

[0074] Further, when the driver once releases the 
15 brake pedal 5 for resetting the brake pedal depressing 
operation for the subsequent operation, wheel cylinder 
pressure is not lowered rapidly as is in the conventional 
brake control device, but gradually reduced by braking 
force termination control. As a result, the vehicle may 
maintain the stopping state on the sloping road even if 
the brake pedal is once returned for resetting so that 
driving safety on the sloping road may be improved. 

(Third embodiment) 

[0075] A brake control device according to a third em- 
bodiment is described hereinafter. Explanation of por- 
tions similar to those of the first embodiment is omitted 
or simplified. 

[0076] The brake control device according to the third 
embodiment can execute braking force holding control 
based on a demand of holding braking force at an idle 
stop and the subsequent braking force termination con- 
trol. 

[0077] As shown in a flow chart of Fig. 8, at Step 400, 
master cylinder pressure (pm/c), which is detected 
based on a signal from the pressure sensor 47, is input. 
[0078] AtStep410, othersignals representing various 
states and behaviors of vehicle, which are used for de- 
termining whether it is appropriate to execute braking 
force holding control at the idle stop, are input. For ex- 
ample, a signal showing an engine revolution sensor 
(not shown) for detecting the engine stop (or a signal 
showing fuel cut or ignition stop), a signal from the brake 
switch 54 for detecting the driver's depression of the 
brake pedal 5, a signal from a vehicle speed sensor 51 
(or the wheel speed sensor 53) for detecting vehicle 
speed (or wheel speed), and so on are all input. 
[0079] At Step 420, whether braking force holding 
control at the idle stop is executed is determined. If the 
answer is affirmative, the process goes to Step 440 and, 
if negative, the process goes to Step 430. 
[0080] At the Step 430, whether conditions on execut- 
ing braking force holding control at the idle stop are sat- 
55 isfied is determined. For example, whether the engine 
is in an idling state, whether the brake pedal 5 is de- 
pressed, and whether the vehicle is in a stopping state 
(that is, the vehicle or wheel speed is zero) are deter- 
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mined. If the answers are affirmative (at a time t 1 of Fig. 
9), the process goes to Step 440 and, if negative, the 
process returns back to the Step 400. 
[0081] At the Step 440. whether master cylinder pres- 
sure (Pm/c) is below a reference value (KP in Fig. 9) for 
terminating braking force holding control at the idle stop 
is determined. The process goes to Step 490. if the an- 
swer is affirmative, and to Step 450. if the answer is neg- 
ative. 

[0082] At the Step 450, a peak value (Pm/c peak) of 
master cylinder pressure as shown in Fig. 9. which is 
similar to those of the first and second embodiments, is 
calculated. At the idle stop, a boosting operation of the 
booster is adversely affected since the engine stops and 
intake manifold negative pressure is cancelled. As a re- 
sult, driver's brake pedal depression is released so that 
there exists the peak of master cylinder pressure. The 
peak value is used for this control. 
[0083] At Step 460, a target pressure difference API 
is calculated. To execute braking force holding control 
for holding higher wheel cylinder pressure (braking 
force) even after the peak of master cylinder pressure 
when the vehicle is stopped at the idle stop, a difference 
between the peak value (Pm/c peak) of master cylinder 
pressure and an actual value (Pm/c) of master cylinder 
pressure reducing is calculated as the target pressure 
difference AP1. 

[0084] At Step 470, a duty ratio of current voltage that 
is applied to the respective solenoids of the pressure 
increase control valves 21 to 24 is calculated according 
to a map or a calculation formula based on the target 
pressure difference AP1 . 

[0085] At Step 480, braking force holding control is 
executed by applying current voltage to the solenoids of 
the pressure increase control valves 21 to 24 and, then, 
the process returns to the Step 200. 
[0086] As the negative answer at the Step 440 means 
a termination time (a time t 2 of Fig. 9) of braking force 
holding control at the idle stop, control necessary for ter- 
minating the braking force holding control is executed 
at Step 490. This termination control is not forfuliy open- 
ing the pressure increase control valves 21 to 24 as 
shown in the first embodiment, but for executing control 
similar to braking force holding control at the idle stop 
mentioned above. 

[0087] That is, as shown in a dotted line within a scope 
on a right side of l 2 of Fig. 9, master cylinder pressure 
is sharply lowered when the brake pedal 5 is returned. 
However, according to the termination control men- 
tioned above, wheel cylinder pressure is gradually re- 
duced with a given slope as shown in a solid line within 
a scope on a right side of t 2 of Fig. 7 to cope with a de- 
mand of holding hydraulic pressure due to the driver's 
resetting the brake pedal depression for the subsequent 
accelerator depression. 

[0088] For this purpose, at Step 500, a target pressure 
difference AP2 for braking force termination control is 
calculated. That is, to execute braking force termination 



control in which wheel cylinder pressure (braking force) 
is maintained with a given slope, a difference between 
the reference master cylinder pressure (KP) and an ac- 
tual master cylinder pressure sharply lowering is calcu- 
lated as the target pressure difference AP2. 
[0089] At Step 51 0, a duty ratio of current voltage that 
is applied to the respective solenoids of the pressure 
increase control valve 21 to 24 is calculated according 
to a map or a calculation formula based on the target 
io pressure difference AP2. 

[0090] At Step 520, current voltage, which can realize 
the duty ratio mentioned above, is applied to the sole- 
noids of the pressure increase control valves 21 to 24 
to execute braking force termination control and, then, 
'5 the process returns to the step 400. 

[0091] According to the third embodiment, when the 
vehicle is stopped at the idle stop, higher wheel cylinder 
pressure may be held to maintain the stopping state of 
the vehicle. Therefore, even when the driver's brake 
?o podrtl depressing force is lowered, the stopping state of 
the vehicle at the idle stop can be surely maintained. 
[0092] In particular, as brake hydraulic pressure can- 
not be sufficiently multiplied by the brake booster at the 
idle slop since the engine is stopped, brake pedal is like- 
fy returned by the reaction force from the brake pedal 
when the engine is stopped. In this case, the pressure 
increase control valves 21 to 24 serves to hold wheel 
cylinder pressure sufficiently so that higher braking 
force may be secured. 
30 [0093] Further, when the driver once releases the 
brake pedal 5 for resetting the brake pedal depressing 
operation , wheel cylinder pressure is not lowered rapidly 
as is in the conventional brake control device, but grad- 
ually reduced by braking force termination control. As a 
35 result, tne vehicle may maintain the stopping state at the 
idle stop even if the brake pedal is once returned for 
resetting so that driving safety at the idle stop may be 
improved 

40 (Fourth embodiment) 

[0094] A brake control device according to a fourth 
embodiment is described hereinafter. Explanation of 
portions similar to those of the first embodiment is omit- 

•*3 tod or simplified. 

[0095] A brake control device according to the fourth 
embodiment has a hydraulic circuit whose construction 
is a little different from that of the first embodiment. As 
snown in Fig. 1 0. pressure increase control valves 51 to 

so 54 arc linear solenoid valves whose each valve opening 
degree is changed in proportion to a current amount to 
be supplied to each of the solenoids. When the sole- 
noids of the pressure increase control valves 51 to 54 
are not energized by current, the valves are operative 

55 to open the fluid conduit by their own spring force and, 
when the solenoids are energized, to close the fluid con- 
duit m proportion to the current amount supplied thereto. 
Therefore, after wheel cylinder pressure is increased by 
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master cylinder pressure, wheel cylinder pressure may 
be adequately held by controlling the current amount 
supplied to the solenoids of the pressure increase con- 
trol valves 51 to 54. 

[0096] Control processes of the braking force initial 
control and the subsequent braking force holding control 
according to the fourth embodiment are nearly same as 
those of the first embodiment. 

[0097] As shown in Fig. 11 , at Step 600, master cyl- 
inder pressure (Pm/c) detected based on a signal of the 
pressure sensor 47 is input. At Step 61 0, a change rate 
of the master cylinder pressure (d Pm/c) is calculated to 
judge the sudden braking. 

[0098] At Step 620, whether the brake assist control 
is executed is determined. If the answer is affirmative, 
the process goes to Step 630 and, if the answer is neg- 
ative . the process goes to Step 680. 
[0099] At the Step 680, whether the change rate of 
the master cylinder pressure (d Pm/c) exceeds a refer- 
ence value (KdP) for judging the sudden braking is de- 
termined. If the answer is affirmative, the process goes 
to Step 690 as it is presumed that the sudden braking 
(an initial stage of brake pedal depressing for the sud- 
den braking) is operated. If the answer is negative, the 
process returns back to the Step 600 in a presumption 
that the sudden braking is not operated. 
[0100] At the Step 690, brake assist control (braking 
force initial control) starts, if necessary, according to the 
demand because of the early stage of sudden braking. 
Then, the process returns to the Step 600. 
[0101] At the Step 690, brake assist control (braking 
force initial control) starts, if necessary and demanded, 
by detecting a fact of the early stage of sudden braking. 
Then, the process returns to the Step 600. At the Step 
630 next to the Step 620 at which it is determined that 
the brake assist control is under way, whether the mas- 
ter cylinder pressure (Pm/c) is below a reference vatue 
(KP) forjudging a termination of the brake assist control 
is determined. If determined affirmatively, the process 
goes to Step 670 in a presumption that the brake assist 
control (including the braking force initial control and the 
braking force holding control) has terminated. If the an- 
swer is negative, the process goes to Step 640 in a pre- 
sumption that the brake assist control continues. 
[0102] At the Step 670, a control for terminating the 
brake assist control is executed and, then, the process 
returns back to the Step 600. At the Step 670 , the current 
amount supplied to the solenoids of the pressure in- 
crease control valves 51 to 54 becomes zero [0] so as 
to fully open the brake fluid conduit. 
[0103] At the Step 640, a peak value (Pm/c peak) of 
master cylinder pressure is calculated. At Step 650, a 
target pressure difference AP, which is a difference be- 
tween the peak value (Pm/c peak) of master cylinder 
pressure and actual master cylinder pressure (Pm/c) 
gradually reducing, is calculated. 
[0104] At Step 660, the current amount applied to the 
respective solenoids of the pressure increase control 



valve 51 to 54 for maintaining wheel cylinder pressure 
higher by the target pressure difference AP than actual 
master cylinder pressure is calculated. 
[0105] A relationship between the target pressure dif- 

5 ference AP and the current amount is memorized in ad- 
vance in ROM 50b as a map or a calculation formula. 
Accordingly, the current amount corresponding to the 
target pressure difference A P calculated may be ob- 
tained with reference to, for example, the map. 

10 [0106] At Step 665, braking force holding control is 
executed by applying the current amount to the sole- 
noids of the pressure increase control valves 51 to 54. 
Then, the process returns to the Step 600. 
[0107] According to the fourth embodiment, as men- 

15 tioned above, the current amount supplied to the sole- 
noids of pressure increase control valves 5 1 to 54 is con- 
trolled for executing braking force holding control so that 
a difference between master cylinder pressure and 
wheel cylinder pressure may correspond to the target 

20 pressure difference AP. 

[0108] Even if the brake pedal depressing force is re- 
duced after the peak of master cylinder pressure, higher 
wheel cylinder pressure can be maintained by the brak- 
ing force holding control so that higher braking force 

25 may be maintained. As a result, safety on the sudden 
braking may be much more enhanced similarly as men- 
tioned in the first embodiment. 

[0109] According to the fourth embodiment, as the 
necessary braking force at sudden braking is held by 

30 controlling the current amount for the pressure increase 
control valves 51 to 54, the return valves in parallel to 
the pressure increase control valves 51 to 54 are not 
provided. Therefore, the hydraulic circuit of the brake 
control device having less number of components and 

35 parts becomes more compact and may be provided at 
less cost, compared with that of the conventional brake 
control device. 

[0110] Further, in the case of the first or fourth embod- 
iment, the braking force termination control may be ex- 

40 ecuted after braking force holding control. To the con- 
trary, in the case of the second and third embodiments, 
braking force termination control may be omitted and 
only braking force holding control is executed. 
[0111] Furthermore, as a recording medium for re- 

45 cording processes, programs or memories for executing 
the control mentioned above, not only ECU composed 
of the microcomputer but also a microchip, a floppy disk, 
a hard disk and an optical disk may be use'd. 
[0112] Moreover, for calculating the target pressure 

so difference AP in the first to fourth embodiments, driver's 
brake pedal depressing force may be detected and the 
detected depressing force may be used as a replace- 
ment of master cylinder pressure. In this case, instead 
of the peak value Pm/c peak of master cylinder pressure 

55 and the actual value of the master cylinder pressure 
(pm/c) reducing, a peak value of the depressing force 
and an actual value of the depressing force reducing 
may be used. And, the calculated target pressure differ- 
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ence based on the Driver's brake pedal depressing force 
may be used for duty ratio control or current amount con- 
trol of the pressure increase control valve. 



Claims 

1 . A brake control device for vehicle comprising: 

brake pressure producing means (1) for pro- 10 
ducing hydraulic pressure in response to a driv- 
er's brake pedal operation; 
a fluid conduit (1 1 a, 11 b) whose one end is con- 
nected with the brake pressure producing 
means; /5 
a solenoid valve (21 to 24,51 to 54) disposed 
in the fluid conduit so that the fluid conduit may 
be provided on a side of the brake pressure pro- 
ducing means with a first hydraulic pressure 
and on a side opposite to the binkc pressure 20 
producing means with a second hydraulic pres- 
sure; 

braking force generating means ( 1 5 to 1 8) con 
nected with another end of the fluid conduit for 
generating braking force upon receipt of the 25 
second hydraulic pressure so that brake fluid 
may be communicated via the solenoid valve 
between the brake pressure producing moans 
and the braking force generating means 
a pressure sensor (47) for generating a signal Jo 
representing a value corresponding to dnvcr*s 
brake pedal depressing force: 
memory means for receiving the pressure sen- 
sor signal and memorizing a peak value thereof 
(140,250,450,640); 35 
calculating means connected in circuit with the 
pressure sensor and the memory means for 
calculating a control amount based on a differ- 
ence between the peak value of the pressure 
sensor signal and an actual value ol the pros- *o 
sure sensor signal to be lowered when the 
brake pedal is returned (150&160.260&270. 
460&470.650&660); and 
driving means connected in circuit with the so- 
lenoid valve and the calculating means for drrv- 
ing the solenoid valve so as to restrict brake flu- 
id flow from the braking force generating means 
to the brake pressure producing means in re- 
sponse to the control amount (165.280 
480,665), 50 
wherein, a braking force holding control is ex- 
ecuted in such a way that, while an increasing 
speed of the second hydraulic pressure is sub- 
stantially equal to that of the first hydraulic pres- 
sure when the brake pedal is depressed, a re- 55 
ducing speed of the second hydraulic pressure 
is lower than that of the first hydraulic pressure 
during a given period when the brake pedal 



happens to be returned. 

2. A brake control device according to claim 1 , further 
comprising: 

sensormeans (47, 51 , 53, 54) for detecting and 
generating sensor signals representing vehicle 
states; and 

determining means connected in circuit with the 
sensor means for determining from the sensor 
signals a necessity of the braking force holding 
control and generating a demand signal, 
wherein the braking force holding control is ex- 
ecuted when the demand signal is generated 
(120,220,420,620). 

3. A brake control device according to claim 1 or 2, 
wherein the pressure sensor (47) is a sensorfor de- 
lecting the first hydraulic pressure. 

4. A brake control device according to any one of 
claims 1 to 3, wherein the determining means gen- 
erates the demand signal by determining based on 
at least one of the sensor signals that a change per 
time of the brake pedal movement exceeds a pre- 
determined value. 

5. A brake control device according to claim 2, wherein 
the determining means generates the demand sig- 
nal by determining based on the sensor signals that 
the vehicle stops on a sloping road due to the driv- 
er's brake pedal operation. 

6. A brake control device according to claim 2, wherein 
the determining means generates the demand sig- 
nal by determining based on the sensor signals that 
an engine of the vehicle stops as an idle stop due 
to the driver's brake pedal operation. 

7. A brake control device according to claim 5, wherein 
the sensor signals comprises signals from a sloping 
sensor for detecting an inclination angle of the ve- 
hicle stopping on the sloping road, from a brake 
switch (54) for detecting the driver's brake pedal de- 
pression and from a speed sensor (51 ,53) for de- 
tecting at least one of a vehicle speed and a wheel 
speed. 

8. A brake control device according to claim 5, wherein 
the sensor signals comprises signals froma sensor 
for detecting an engine stop, from a brake switch 
(54) for detecting the driver's brake pedal depres- 
sion and from a speed sensor (51 ,53) for detecting 
at least one of a vehicle speed and a wheel speed. 

9. A brake control device according to claim 3, further 
comprising: 

termination determining means for determin- 
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ing an termination of the braking force holding con- 
trol by detecting that a value of the first hydraulic 
pressure is below a predetermined value and gen- 
erating a termination signal so that the driving 
means may stop driving the solenoid valve 
(170,670). 

10. A brake control device according to claim 3, further 
comprising: 
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termination determining means for determining 
an termination of the braking force holding con- 
trol by detecting that a value of the first hydrau- 
lic pressure is below a predetermined value and 
generating a termination signal (290,490); 
termination calculating means connected in cir- 
cuit with the pressure sensor and the termina- 
tion determining means for calculating a termi- 
nation control amount based on a difference 
between the reference value and the actual val- 20 
ue of the first hydraulic pressure to be lowered 
when the brake pedal is still at a return stroke 
(300&310,500&510); and 
termination driving means connected in circuit 
with the solenoid valve and the termination cal- 25 
culating means for driving the solenoid valve in 
response to the termination control amount 
when the termination signal is generated so 
that a reducing speed of the second hydraulic 
pressure is lower than that of the first hydraulic 30 
pressure (320,520). 

11. A brake control device according to any one of 
claims 1 to 10, wherein the solenoid valve is a two- 
position valve (21 to 24) driven by the driving means 35 
so that current voltage applied thereto is duty con- 
trolled according to the control amount. 

12. A brake control device according to any one of 
claims 1 to 1 0, wherein the solenoid valve is a linear *o 
solenoid valve (51 to 54) driven by the driving 
means so that a current amount applied thereto is 
controlled according to the control amount. 

45 
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